Based on the application of smart antennas in cellular mobile communications, this paper introduces the impact of the width of the antenna beams playing on the dwell time probability density function in cellular geometry with smart antenna. The research results indicate that the smart cell structure can improve the dwell time of users within the cell and improve the traffic system performance.
Introduction
The handover is key feature and unique feature of the cellular mobile communication system [1] [2] [3] . The handover means the process of a call from one cell to another cell when the user moves in the cellular coverage area. In order to meet the rapid growth of the demand of the wireless communication, we need to improve the system capacity radically. The means to improve the system capacity which are related to the structure of cell are reducing the size of cell, adopting cell splitting technology, using concentric technology, or the hierarchical cellular structure. However, these means which can improve the system performance by changing the structures will make the management of handover more complicated. Thus, plenty of controlling strategies and algorithms emerged.
In order to analyze these controlling strategies and algorithms, the performance indicators such as call hold time and dwell time can be regarded as the measurements [4] . Call hold time and dwell time depend on the user mobility, location, and handover controlling strategies. In order to properly indicate the call hold time and dwell time, the better mobility model is necessary. Simply, we assume that the cell has special shapes such as hexagon or round. When this kind of model combines with the distribution of specific speed and the moving direction, it can determine the probability density function of dwell time. But, in reality, the shapes of cells are irregular and the velocity and direction of the mobile user may be difficult to characterize. Thus it will be more appropriate to regard the dwell time as the random variable of the probability density function. So we can obtain full information about the cell shapes and user mobility. Zonoozi and Dassanayake used the general gamma distribution, Orlik and Rappaport used ultraexponential distribution, and Fan and Chlamtac used hyper-Erlang distribution to characterize the probability density function of dwell time.
The characterization of the call hold time and dwell time described above plays an important role in analyzing the improved handover performance. We assumed that the locations of users within a specific study area are distributed uniformly [5] , and we suppose that the shape of cell is round. And we are less likely to analyze the sector cell. We can combine the user location probability density function with cellular geometry to analyze the impacts played by the call dwell time and hold time. Furthermore, we propose the impact of the width of the antenna beams in smart cell playing on the dwell time probability density function, so we further study the relationship among the users dwell time, traffic, and structure of smart cell with smart antennas. 
Characteristics of Users Movements with Smart Antenna
One significant feature of the cell with smart antennas is that the frequency can be reused many times within the same cell [6] . Part of the base stations within this kind of cell can dynamically track mobile users [7] , so it can increase the dwell time of user movement. We assume that the same frequency is used two times within a cell, shown in Figure 1 , and the width of antenna beam is -the minimum resolvable angle between two users-namely, when the angle between two users who share the same channel is less than , it has to handover. We usually call this progress intracell handover [5] [6] [7] [8] . Considering that two users who share the same frequency may be near the border of two adjacent antenna beams and the distance between the two users has to be , shown in Figure 1 , the maximal moving area of a user within cell is a sector whose area is 2 − 2 , and we ignore the intercell handover.
The relative moving speed has to be considered in smart antenna cell. We assume that the two velocities of two mobile stations MS 1 , MS 2 share the same frequency but in the different antenna beams are ⃗ 1 ( 1 , 1 ) and ⃗ 2 ( 2 , 2 ), where 1 , 2 are the random variable speeds of movements of MS 1 and MS 2 and 1 , 2 are the random variable of two moving directions. We suppose that 1 , 2 have the same probability density of function ( ) ( = 1, 2) and 1 , 2 have the same probability density function ( ) ( = 1, 2). Thus, the moving speed ⃗ ( , ) of MS 2 which is respected to MS 1 can be described as where could be described as follows:
Probability Density Function of Dwell Time with Smart Antenna
We create the schematic diagram about the user dwell time shown in Figure 2 . We can divide the movement areas into 4 parts. It is obvious that areas 1 and 3 are symmetrical and areas 
where and 1 sacrifice the following formula:
In area 2, 21 is
where and 21 sacrifice the following formula:
In area 2, 22 is
where and 22 sacrifice the following formula:
We can get that the conditional probability density functions ( | ) of 1 , 21 , and 22 are
where
Thus, the probability density functions 
By symmetry, we can further get that the probability density functions of 3 , 41 , and 42 are
Thus the probability density distribution of the calling user is
And the probability density distribution of the handover user is
Generally, considering that the smart antenna cell has the ability to balance the traffic within the cell and intercell and can solve the problems of traffic "hot spots" effectively [8], we can assume that the users within the cell and the handover users who enter the cell from border are uniformly distributed.
The dwell time probability density function of smart antenna cell has been analyzed in Figures 3 and 4 . The parameters are used to simulate the probability density function of the dwell time. It can be seen from Figures 3  and 4 that the performance of smart antenna cell is better than sector cell because this kind of cell can provide a longer movement distance.
Traffic Analysis with Smart Antenna Cell
As described above that the smart antennas have been used in the base station, channels can be used simultaneously within the cell. We suppose that the channels are to be reused only once here. When the number of calling users is smaller than or equal to , the calling users can access the system; namely, the probability of accessing is 1. When the number of calling users is larger than or equal to but smaller than or equal to 2 , considering that we have assumed that there International Journal of Antennas and Propagation are 2 available channels as well as the beam overlap, the blocking probability is ( / ) 2 − . Thus, the probability of successful access to the system within cell is ( ) [9] :
When the number of calling users within cell is smaller than , the probability of successful handover is 1. Meanwhile, when the number of new calling users is larger than or equal to but smaller than or equal to 2 , the blocking probability is ( /2 ) 2 − and the probability of unsuccessful handover within the cell is ( ):
We define:
: the arrival rate of calling users within cell, : the leave rate of calling users who do not choose to handover within cell, : the average leave rate of handover users within cell, where = 1
We can get the state transition diagram shown in Figure 5 . We can get the following balance equations from the above state transition diagram.
Consider the following: when 0 ≤ ≤ ≤ − 1
when 0 ≤ ≤ , = , 
and when 0 ≤ ≤
Thus, we can get that the blocking probability of calling users is :
And the blocking probability of handover is ℎ :
A set of simulation results of relationship between and blocking probabilities are shown in Figure 6 . In order to compare with the above sector cell, the parameters are 1/ 0 = 100( ) and = 7. We can know that (1) comparing with sector cell in [10] , the blocking probabilities of calling users and handover users decline obviously; (2) when the speed is faster and the width of beam is wider, the blocking probabilities of new calling users and handover users are becoming closer. It is mainly because the wider beam reduces the effect of smart cell.
Conclusions
Combining with the present applications of smart antennas in cell, this paper mainly studies how to reduce the interference and how to enhance system capacity and so on. We introduce the impact of the width of the antenna beams playing on the dwell time probability density function in cellular geometry with smart antenna. Furthermore, we study how the structure of smart cell with smart antenna can influence the call dwell time and traffic within cell. We next will focus on the study of model of handover and traffic based on the mixed heterogeneous network geometry with smart antenna.
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